Introduction
This paper discusses how tense morphemes and so-called adverbs of quantification such as always and often interact. In particular, I will pay attention to the relationship between temporal adverbial clauses and adverbs of quantification. I proposed in my earlier work (Ogihara 1989, ms.) that English (but not Japanese) has an optional syntactic rule that serves to delete tenses under identity with locally c-commanding tenses. Let us refer to the rule as the sequence-of-tense (SOT) rule. Regarding the interpretation of tenses, I argued that their relative structural positions at LF indicate the scope relationships among them. For example, if tense A locally c-commands tense B at LF, then B is in the scope of A. To be more precise, the semantic contribution of B is determined in relation to the time of the episode that is described by the clause in which A occurs. I made these claims based on the behavior of tenses in verb complement clauses and relative clauses. I will propose in this paper that these claims extend to temporal adverbial clauses. With regard to the interaction between tenses and adverbs of quantification (e.g., always), I will claim that matrix clause tenses have scope over quantificational adverbs.
In the tradition of formal semantics, past tense was assumed to induce existential quantification over past times (Prior 1967 , Montague 1973 , Needham 1975 , Dowty 1979 , Stump 1985 . Let us refer to this type of analysis as a quantificational theory of tense. Prior and Montague adopt sentential operators to symbolize tense morphemes, whereas Needham, Dowty and Stump employ a variant of intensional logic that uses constants and variables for times in the object language along with those for "normal" individuals. I will adopt the latter notation because of its flexibility. 1 For example, (1a) is symbolized as (1b) in this notation:
(1) a. John died.
b
. ∃t [t < s* & John dies at t]
s* is an indexical constant that denotes the speech time. Thus, t < s* reads 't precedes the speech time.' A formula is informally symbolized as an English sentence in the present tense that occurs with a phrase of the form at t, which indicates the time at which the sentence is true. 2 The quantificational theory of tense has been challenged by various researchers. Partee (1973) , among others, claims that at least in some cases, past tense simply functions like a free time variable whose value is fixed by the context of use. In this analysis, no existential quantification over times is invoked in the interpretation of past tense. This approach is referred to as a referential theory of tense. I claimed in my earlier work cited above that a quantificational analysis of tenses coupled with a contextual restriction upon its quantificational force is the best theory available. I will assume this theory throughout the paper. However, the proposal that I will make in this paper is independent of this controversy and can also be stated within a framework that espouses a referential theory of tense.
Tenses in Verb Complements and Relative Clauses
Let me give a summary of my proposal made in Ogihara (1989, ms.) , which accounts for the so-called sequence-of-tense phenomena in English and the lack thereof in Japanese. In English (2a) is optionally turned into its LF structure (2b), whereas in Japanese the S-structure (2c) is identical to its LF structure, as far as tense morphemes are concerned:
(2) a. John said that Mary was sick. [S-structure] b When tense A locally c-commands tense B and A and B are occurrences of the same tense (i.e., PRES or PAST), the SOT rule optionally deletes B. The symbol "∅" in (2a) indicates a null tense node, which results from the application of the SOT rule. Both (2b) and (2c) translate as the following logical formula in the system I assume for the purpose of this paper:
In this notational system, the symbol "^" indicates worlds, not world-time pairs. Thus, any expression of the form ^ λ t φ, where t is a time variable and φ a formula, denotes a proposition (i.e., a set of world-time pairs). In (3), ^ λt' [Mary is sick at t'] denotes {<w,t> | Mary is sick in w at t}. To obtain the desired interpretations for sentences that involve verb complement clauses, I assume a variant of Hintikka's proposal for propositional attitude verbs (Hintikka 1969) : "say'' w (p)(e)(t) (where p is a proposition, e is an individual, and t is an interval) = 1 iff {<w",t"> | <w",t"> is compatible with what e verbally expresses in w at t} is a subset of {<w',t'> | p(w')(t') = 1}. If (2b) (or (2c)) is true and if John speaks the truth when he said what he said, this can be interpreted as meaning that the pair consisting of the actual world and the time of John's saying is compatible with what John verbally expresses in the actual world at the time of his saying. Thus, if the sentence is true and John speaks the truth, Mary is sick at the time of John's saying. This correctly describes native speakers' intuition about (2b-c). This shows that the temporal location of the event or state described in the verb complement is determined in relation to the matrix clause episode, albeit indirectly.
Tenses in relative clauses receive approximately the same account. My proposal is quite simple. I accept the assumption that NPs are scope-sensitive expressions. NPs are generally known to exhibit scope properties with respect to each other. This is captured in many ways, but one common method is to allow NPs to move to S-adjoined positions at LF (called Quantifier Raising) so that scopally different readings for them result from various LF configurations (May 1977) . I accept this proposal. Moreover, I propose that the SOT rule applies to tenses after QR does. The syntactic positions of tenses that result from QR and tense deletion determine the scope properties of tense morphemes. Depending upon whether a relative clause is scoped to a position higher than the matrix clause tense, the tense in the relative clause may or may not be caught by the matrix tense. If the relative clause tense remains in the scope of the matrix clause tense, it may be deleted by the SOT rule. We thus predict two or three temporal interpretations for any given relative clause. Let us consider some examples: (4) (5a) represents an "independent" reading associated with the wide scope NP, and (5b) a simultaneous reading associated with the narrow scope NP. Following Abusch (1988), I assume that will is morphologically analyzed into the present tense morpheme and the future auxiliary woll. Thus, the present tense morpheme in the relative clause is deleted under identity with the present tense in the matrix clause, and (5b) results. 3 We shall see later that this fact can be used to argue against Stump's proposal that the present tense in English can have a non-past interpretation.
More decisive data come from Japanese. The Japanese sentence (4b) is ambiguous between the two interpretations indicated by the English glosses. 4 My proposal accounts for its ambiguity. A simultaneous reading results when the present tense in the relative clause is interpreted in situ (i.e., in the scope of the matrix tense), whereas an "independent" reading results when the relativized NP is scoped to a position outside the matrix tense. The two distinct readings associated with (4b) are symbolized as (6a) and (6b):
The proposed analysis predicts that (7a) is three ways ambiguous, as indicated by the translations (7b-d):
(7) a. John met a man who was crying like a baby.
The relativized NP in situ produces two interpretations. When the SOT rule deletes the tense in the relative clause, we obtain a simultaneous interpretation as in (7b). If the SOT rule does not apply, we obtain a shifted reading as in (7c), in which the time of the man's crying is located in the past of the meeting. (7d) results from the wide scope NP and predicts that the time of the man's crying can be any past time. I contend that although the three readings (7b-d) do exist, the ambiguity is not detected because (7b-c) almost entail (7d). 5 Thus, extending my proposal to relative clauses is empirically motivated by the Japanese and English data.
Temporal Adverbial Clauses with no Quantificational Adverbs
The primary purpose of this paper is to study the interaction between temporal adverbial clauses and adverbs of quantification. As a preliminary, let us examine the behavior of temporal adverbial clauses in those examples that do not contain a quantificational adverb. Consider (8): (8) John visited the Space Needle after he arrived in Seattle.
Let us take Stump's (1985) proposal as our starting point. Stump translates each clause as a temporal abstract (i.e., an expression of the form λt [ ... t ...] , which denotes a set of times). A temporal connective combines with a tensed clause to yield a temporal adverbial clause, which translates as yet another temporal abstract. It is then promoted to a generalized quantifier of times so that it can combine with the translation of the matrix clause. 6 The translation of (8) (10b) correctly describes the interpretation associated with (10a). This approach faces difficulties when the main clause is in the future tense. Consider (11a) and (11b): (11) a. John will call Mary after he finishes his assignment.
b. John will call Mary before he finishes his assignment.
Note that in (11a-b), the semantic contribution of the present tense in the adverbial clause cannot be measured relative to the speech time. If we assumed that a sentence in the present tense describes an episode that obtains at the speech time, we would predict that (11a-b) translate as (12a-b), respectively: (12) (12a-b) force the time of John's finishing his assignment to be the speech time, which is against native speakers' intuitions. (12b) even predicts that (11b) is never true because there is no time that both precedes and follows the speech time. Stump (1985) avoids this undesirable consequence by assuming that the present tense in English is ambiguous between a speech-time-oriented meaning and a non-past meaning. Following Stump's proposal, we predict that the translation of (11a) proceeds as in (13) This means that the time of the man's holding a book can be any non-past time. This claim is not warranted. As mentioned above, the sentence has only two interpretations, and the time of the man's holding a book cannot be any non-past time.
Stump's proposal is particularly vulnerable to the following Japanese data, which have been discussed by Ota (1973) , Nakau (1976) and Ogihara (1987) DAT meet PAST after at phone ACC do PRES 'Taroo will call Hanako after he meets her.' e. Taroo-wa kanasii -toki kokyoo -o omoidasi -ta. TOP be-sad-PRES when home-town ACC remember PAST 'Taroo remembered his home town when he was sad.' f. Taroo-wa kanasii -toki TOP be-sad-PRES when kokyoo -o omoidasu daroo. home-town ACC remember-PRES probably 'Taroo will probably remember his home town when he is sad.'
If we assume with Stump that present tense can refer to non-past times, we predict that (16e) translates as (17), which is a contradiction:
& Taroo is sad at t & t < s* & Taroo remembers his home town at t]
In Japanese, tense morphemes are quite well-behaved in that their semantic contributions are always determined in relation to structurally higher tenses. Temporal adverbial clauses are no exceptions. The right interpretations for the above data are predicted by a simple theory in which a tense in a temporal adverbial clause is in the scope of the tense in the matrix clause. According to this theory, (16a-f) translate as (18a-f): In the Japanese examples (16a-f), the temporal order between the two clauses is indicated not only by the temporal connective but also by the tense morpheme in the temporal adverbial clause. A past tense morpheme in an adverbial clause indicates that the adverbial clause event (or state) occurs in the past of the matrix clause situation, which harmonizes with what after means. On the other hand, a present tense morpheme in a temporal adverbial clause shows that the episode described in it is simultaneous with (or is subsequent to) the event or state described in the matrix clause, which is equivalent to what when (or before) means. Thus, at least in Japanese, tenses in temporal adverbial clauses behave as if they are in the scope of matrix clause tenses. 9 On the assumption that it is desirable to find a theory that works for both English and Japanese, I will pursue the hypothesis that my proposal can account for the semantics of English temporal adverbial clauses as well. I will claim that this is in fact the case on condition that the SOT analysis also extends to temporal adverbial clauses in English. One important caveat is that unlike the case of verb complements and relative clauses, the SOT rule must apply to English temporal adverbial clauses. This means that English temporal adverbial clauses must have become tenseless when they are translated into a logical language and that the temporal order between the main clause and the adverbial clause is indicated only by a temporal connective, unlike Japanese temporal adverbial clauses. Let me show how the English examples considered earlier can be re-analyzed by my proposal. , cited earlier as (8) 19a) . The analysis of (19b) proceeds in a similar manner. As mentioned above, the so-called future tense will in the matrix clause analyzes into the present tense morpheme and the future auxiliary woll, and the present tense in the temporal adverbial clause gets deleted under identity with the matrix present tense morpheme. Since the adverbial clause becomes tenseless before it is translated, it simply denotes the set of times at which John visits Mary. The temporal order between the event of John's visiting Mary and the event of his calling her is determined by the temporal connective before. The above translations predict the right truth conditions for (19a-b) . I have thus demonstrated that my proposal accounts for the behavior of tenses in temporal adverbial clauses with no co-occurring quantificational adverb.
Temporal Adverbial Clauses and Quantificational Adverbs
Let us now turn to examples that involve both temporal adverbial clauses and adverbs of quantification. Consider (21a) and its predicate logic rendition (21b): (21) Stump's (1985: 178) analysis. 10 As mentioned above, one important ingredient of Stump's approach is that the semantic contribution of each tense morpheme is independently specified with respect to the speech time. Let us consider the predictions made by the above translation of always coupled with Stump's assumption about tense interpretation. First, consider (22a-b):
(22) a. When Mary called John, he was always asleep.
b. When Mary calls John, he always will be asleep.
The two clauses in (22a) both denote a set of past times since they are in the past tense. (22a) translates as (23):
s* & Mary calls John at t] → [t < s* & John is asleep at t]]
The semantic contribution of each past tense morpheme is indicated by the clause t < s*. The one in the consequent is redundant but is harmless. Thus, (23) correctly captures the interpretation of (22a). (22b) is interesting because it involves an apparent mismatch between the matrix clause tense and the adverbial clause tense. If we go along with Stump's assumption that English temporal adverbial clauses in the present tense refer to non-past intervals, we predict the following: the temporal adverbial clause denotes (24a), and the main clause (24b). This in turn means that (22b) is true iff (24c) holds. (24c) has a minor empirical problem in that if Mary calls John at the speech time, the sentence is false regardless of whether John is asleep then. Intuitively, always must quantify over the set of future times at which Mary calls John. The assumption that the present tense can denote non-past times has a more serious problem with the Japanese example (25) The prediction is that (25) is true iff (26a) is a subset of (26b). However, (26a) and (26b) in fact have no element in common. Thus, (25) is predicted to be a contradictory sentence. This is clearly the wrong prediction. Examples like (27a-b) are also problematic for Stump's approach:
(27) a. When stressed, Mary always watched TV. b. On Sundays, John always went to the movies.
It is intuitively clear that in order to arrive at the right truth conditions, the adverbial expressions (i.e., when stressed and on Sundays) must restrict the quantificational force of always. However, they do not take the form of a complete sentence and hence are tenseless. If we assumed that the first argument of always is constructed solely from the information carried by the adverbial expression, (27a) would translate as (28) (28) incorrectly predicts that every time of Mary's being stressed (including such times in the future) is located in the past. Stump (1985: 189-90 ) discusses example (29), which is similar to (27a-b):
(29) Hearing that song, John always will think of Mary.
Stump's analysis of (29) However, this leaves us with a conceptual problem: why is it that a tense morpheme is an obligatory element in the main clause when a tense interpretation seems to be required in the temporal adverbial expression, which is often tenseless? Given the above problem, incorporating my SOT approach to tenses at first appears to be no better than the proposal based upon Stump's analysis of tense interpretation. Let us examine (32a) (= (22b)):
(32) a. When Mary calls John, he always will be asleep.
b. When Mary ∅ call John, he always will be asleep. He only has a minor problem when before or after is involved. It seems that my approach to tense interpretation also has a problem with the Japanese example (25), repeated here as (34a). The adverbial clause is interpreted simply as the set of times at which Taroo is sad, and (34a) is predicted to be true iff (34b) is a subset of (34c).
(34) a. Taroo-wa kanasii toki, itumo furusato -o omoidasi -ta. TOP be-sad-PRES when always home-town ACC remember PAST 'Taroo always remembered his home town when he was sad.' b. {t | Taroo is sad at t} c. {t | t < s* & Taroo remembers his home town at t} Unfortunately, this gives us the wrong truth conditions for (34a). The proposal incorrectly predicts that (34a) is true only if Taroo will never be sad in the future.
In order for my proposal to work, the adverbial clause must be in the scope of the matrix clause tense. However, under the current proposal, both the adverbial clause and the main clause serve as arguments of a quantificational adverb, and they are scopally independent of each other. The question is how to solve this dilemma. (35) It turns out that the alleged problems with my proposal are caused by the assumption that the scope of the matrix clause tense is narrower than the adverb of quantification. I will argue in the rest of the paper that this assumption is incorrect. Once we understand that the matrix clause tense has scope over the quantificational adverb, the problems presented above turn out to be pseudoproblems.
A New Proposal
At this point, let us turn to a different approach to temporal phenomena offered by Discourse Representation Theory (DRT) (Kamp 1981 , Kamp and Rohrer 1983 , Hinrichs 1981 , 1986 , Partee 1984 , Kamp and Reyle 1993 . In DRT, a multi-sentence discourse is mapped to a discourse representation structure (DRS), which then receives a model-theoretical interpretation. Kamp and Reyle (1993) propose an analysis of temporal phenomena within DRT, in which matrix clause tenses always have maximal scope. In particular, they have scope over adverbs of temporal quantification. Kamp and Reyle (1993: 642) Let us now discuss the constructions in Japanese and English that are particularly problematic for the proposals considered so far. I will show how (38a), which repeats (27a), is analyzed by a new proposal that combines Kamp and Reyle's idea and mine. By assuming that the past tense in the matrix clause has scope over the adverb of quantification, we derive its LF structure (38b):
